The Dense Los Angeles Region Seismic Experiment (LARSE) Passive Array
The LARSE passive experiment (LARSE93) took place be- Fig. 1 ). The verticalcomponent velocity seismograms for each event were aligned by hand-picking the first prominent P arrival and shifting the traces so that the P wave arrived at the same time for all stations. The seismograms were bandpass filtered for frequencies between 0.1 and 1.0 Hz. Amplitudes were normalized to the peak P amplitude, and polarities were adjusted so that they were the same for each event. Stations with long P coda or with low signal-to-noise ratios were removed from the record sections.
No binning of waveforms was necessary to bring out the phases following the initial P wave. Each aligned record section for the Tonga events displays a secondary arrival between the initial P wave and PcP for distances around 82 ø (Figs. 2a  and 2c ). It appears 2-3 s after initial P and is not predicted by the Preliminary Reference Earth Model (PREM) (Dziewonski and Anderson, 1981) . PcP arrives 4-5 s after initial P with a delayed travel time relative to PREM. Moveout of the secondary phase relative to direct P is uncertain because the distance range of observations is small, so estimates of apparent velocity have large uncertainties. Slant stacks of P waves (Fig.   3a) shows the relative amplitudes of pP and sP, both of which arrive well after PcP for this distance range. In the aligned section (Fig. 3b) , a secondary arrival can be seen 5-6 s after the initial P, and a faint PcP arrives 11-12 s after initial P. Examination of the horizontal components shows that the arrivals have not been misidentified as converted phases. As before, waveforms with long P coda or with low signal-tonoise ratios have been removed. A stack produced by binning the southern half of the stations (Fig. 3b, bottom) (Fig. 4) . The amplitude of the secondary phase produced by this perturbation is large because it is near the caustic. The combination of gradients for the second case was designed so that the lower mantle would not be slower or faster than average over the 340 km depth range. It should be noted that velocity perturbation ranges of-6% to -10% for the lowermost 10 km, and 1% to 2% for 140 km above the CMB produced satisfactory fits to the data. When the basal layer thickness was increased to 20 km or more, the synthetic PcP pulse width was larger than observed. Raising the lower mantle discontinuity height to greater than 160 km above the CMB caused the secondary arrival to interfere with initial P because it arrived too early; lowering it to less than 120 km caused the phase to arrive later than observed. Observations similar to these have been reported for stacked data (Vidale and Benz, 1992; Mori and Helmberger, 1995; Yamada and Nakanishi, 1996) but have not been made from record sections of individual seismograms observed on such closely-spaced stations. The Honshu waveforms were modeled by perturbing PREM velocities by 1% to 2% (defined as before) 240 km above the CMB; the lowermost mantle in this region of the northernmost Pacific was left normal relative to PREM. Although the data set is not large enough to obtain formal errors, the synthetic seismogram modeling suggests that uncertainty of the discontinuity depth is -20 km, and of the D" low-velocity zone thickness is 5-10 km. We computed sections of synthetic seismograms for the same distance ranges given by the data which confirm that moveout of the reflected phase relative to P is difficult to observe for our limited distance ranges. An envelope slant stack was made of the waveforms recorded by the cleanest 86 Southern California Seismic Network stations for the same Tonga event (Fig. 5b) . This stack shows the initial P arrival (red), followed -4 s later by PcP energy. The secondary arrival is not coherent enough across the much larger network to appear in the slant stack. The stations are 15-30 km apart and the lack of coherence is probably due to the larger network aperture. Rays arriving across the network sample a much larger patch of laterally varying lowEnvelope stacks of P wave a) LARSE passive array 
As Mori and Helmberger (1995), and Garnero and

Observing Earth Structure on Dense Arrays
The LARSE passive phase provided a unique data set in which to observe body waves along a finely (1-2 km) spaced profile in Southern California. The passive array data show scattered mantle and core phases that are not resolved by larger networks. Modeling of record sections including PcP and the secondary arrival produced by events in Tonga shows that they are consistent with a 10-km thick, lowermost mantle layer with a-6% to -10% P-wave velocity perturbation, and a discontinuity -140 km above the CMB with a 1% to 2% velocity perturbation. The patch of lowermost mantle sampled by the LARSE passive phase raypaths overlaps a portion of that sampled by the Mori and Helmberger (1995) data set that included PcP waveforms recorded by California stations from deep Fiji events. They concluded that the lowermost mantle is composed of a 10-km thick layer with a velocity reduction of 5% to 10%, but were unable to resolve a reflector between P and PcP. Garnero and Helmberger (1996) 
